Amino acid analyses have been made of five different samples of cortical cells, 10 samples of cuticle, and 17 samples of whole fibres from various placental mammals, marsupials, and monotremes. There were no consistent differences in analyses between these three subclasses of mammals. Although there are considerable differences in amino acid analyses among the fibres from the various animals, nevertheless these differences are less than those between the analyses of whole fibres and cuticle. Thus the amino acid analyses of all keratin fibres have been averaged to give a result which is characteristic for keratin fibres. Similarly an average value is given for the amino acid analyses of cortical cells (which is very close to that of whole fibres), cuticle, and medulla.
INTRODUCTION
The first logical step in a study of the chemistry of keratin fibres would appear to be the development of mild methods for the separation of the various histological components present. Such methods have been established for the separation of cuticle, cortical cells [including the separation into orthocortical cells and paracortical cells of Merino wool (Chapman and Bradbury 1968) ], cell membrane complex (Bradbury, Chapman, and King 1965b) , medulla (Bradbury and O'Shea 1969) , and chemically modified epicuticle . In previous reports attention has been focused mainly on wool fibres, but there is a need to extend the work to a representative range of keratin fibres from all types of mammals. It is the purpose of this paper to summarize the amino acid analyses of the cellular components (cuticle, cortical cells, and medulla) of various mammalian fibres.
II. EXPERIMENTAL
A sample of Merino 64's virgin root wool (fleece No. SW291) was obtained from the Division of Animal Physiology, CSIRO, Prospect, N,S.W. Lincoln 36's wool was the sample as used previously (Bradbury, Chapman, and King 1965a) . Samples of white alpaca (Suri blanco), brown alpaca (Huacayo blanco), and red·brown human hair from a 12.year·old girl were obtained (Bradbury, Chapman, and King 1965a) Samples of hair from the red kangaroo (Megaleia rufa), the grey kangaroo (Macropu8 giganteus), the koala, and the echidna were obtained from the Division of Wildlife Research, CSIRO, Canberra. The mixture of fur and guard hair from the platypus was obtained from the Fisheries and Wildlife Department, Melbourne. Porcupine quills from the East African porcupine (HY8trix cri8tata) were obtained from the Taronga Park Zoo, Sydney. The fibres were cleaned as described previously (Bradbury et al. 1966) .
(a) Preparation of Hi8tological Oomponent8
The best general method for producing cuticle cell fragments [rather than intact cuticle cells (Bradbury and Leeder 1970) ] for analytical purposes is by mechanical agitation in formic acid at room temperature using a Vibromix agitator (Bradbury et al. 1966 ). The cuticle fragments are then separated from cortical cells by the differential screening procedure of Bradbury and Chapman (1964) . However, with strongly medullated fibres such as rabbit hair and, in particular, fibres which are rapidly disrupted by mechanical agitation in formic acid (e.g. those of possum, kangaroo, and platypus) there is concurrent production of medullary cells.* It was not found possible to separate the similarly sized cuticle fragments and medullary cells, except by staining the fibres with gold prior to disruption (Bradbury and O'Shea 1969) By this means gold is deposited in the histological components in amount medulla> cuticle > cortex and the components can be separated (after prior disruption by mechanical agitation in formic acid) by centrifugation in a density gradient (Bradbury and O'Shea 1969) . This method was used for the production of cuticle fragments from kangaroo and platypus fibres and for producing all samples of medullary cells.
The best method for the production of a large amount of cortical cells is by ultrasonic disruption in formic acid and this method has been used for Merino and Lincoln wool. For smaller quantities mechanical agitation of native or gold-stained fibres in formic acid was followed by the normal screening procedure (Bradbury and Chapman 1964) .
(b) Amino Acid AnalY8e8
Amino acid analyses were performed as described previously (Bradbury, Chapman, and King 1965a) with some modification where accurate analyses of citrulline and ornithine were required (Bradbury et al. 1966; Bradbury and King 1967) . All results are the mean of at least duplicate amino acid analyses. Tryptophan is destroyed during acid hydrolysis, but because of the relatively small amount present in wool [0·45 mole % (Inglis, Leaver, and Lennox 1965)] it was not determined separately.
III. RESULTS .AND DISCUSSION
In Table 1 an average result is given for the amino acid analyses of 11 different placental mammal fibres; given also are detailed analyses for the various marsupial and monotreme fibres because of the general lack of information in this area. The cortical cells from Merino wool (Bradbury, Chapman, and King 1965a) , and from rabbit, red kangaroo, grey kangaroo, and platypus fibres give amino acid analyses * Possum fibres are disrupted with the production of medullary cells by gentle shaking by hand in a flask containing formic acid for 5 min; on the other hand, seal fur in formic acid is not disrupted appreciably after subjecting it for 4 hr to ultrasonic waves. The explanation of the large differences in stability is not clear and is discussed elsewhere (Bradbury and Leeder 1970) . * This average includes Merino and Lincoln cuticle (Bradbury, Chapman, and ICing 1965a) and the five analyses given here. which are very similar to those of the corresponding parent fibre and are thus not included.
The amino acid analyses of the various cuticle samples are given in Table 2 .
(a) Variability of Amino Acid Analyses
It is clear that there is a considerable variability between the various analyses of whole fibres shown in Table 1 and also between those of cuticle samples in Table 2 , which in many cases far exceeds the experimental error (about ±3%) of the analytical results. An examination of the deviations of amino acids from the grand mean for whole fibres and for cuticle analyses shows that the following amino acids show large percentage deviations (> 30% maximum deviation from grand mean) in the order citrulline+ornithine > histidine> methionine> tyrosine> glycine. In addition, aspartic acid and cysteic acid +tcystine show large deviations in whole fibre analyses and arginine in cuticle analyses. The variability of the analyses of whole fibres is not significantly larger than that of the cuticle samples.
Because of the large variability of the results the procedure of averaging used may be considered questionable. However, it has been used in Table 1 in an attempt to condense a large amount of analytical data, but there is a much more important reason for its use. The grand mean analysis is in fact the average representative analysis for keratin fibres and as such is shown in Table 1 to be very different from the typical analysis offea ther keratin included (see also Table 13 of Crewther et al. 1965) . Thus the feather keratin contains much less cysteic acid + tcystine , glutamic acid, histidine, and lysine and much more glycine, proline, and valine than the keratin fibre analysis. Similarly, the grand mean value for cuticle (Table 2) is very different from either the whole fibre analysis in Table 1 (as described previously by Bradbury, Chapman, and King 1965a; Bradbury et al. 1966) or the mean medulla analysis also given in Table 2 . The justification for averaging results from fibres (Table 1),  cuticle (Table 2) , and medulla (Bradbury and O'Shea 1969) is therefore that deviations within each of the three groups (Le. fibres, cuticle, or medulla) are, in general, less than the differences among any of the groups.
No consistent differences were observed in either whole fibre or cuticle analyses among the three subclasses of mammals, viz. placental mammals, marsupials, and monotremes. Platypus and echidna fibres contained large amounts of cystine, in common with human hair, seal fur, and seal hair. The glycine content of platypus equals that of feather, and the proline content of platypus and echidna are both high and approach that of feather, but in other respects the analyses are typical of keratin fibres rather than feather keratin. Structurally, platypus fibres are very similar to seal fibres (Bradbury and Leeder 1970) .
(b) Amino Acid Analyses of Cellular Components
The amino acid analyses of cortical cells from Merino wool, rabbit, red kangaroo, grey kangaroo, and platypus are very similar to those of the parent fibres, and are thus not included. The only differences are that the cortical cells contain much less citrulline (Bradbury and King 1967) and for medullated fibres usually about 10% more arginine and threonine than the parent fibres. These differences are due to the fact that citrulline is present in much larger amount in medulla, and arginine and threonine in smaller amount in cuticle and medulla, than in the cortical cells. The amino acids icystine +cysteic acid, glycine, proline, serine, and valine are present in larger amount in the cuticle and smaller amount in the medulla than in the whole fibre and conversely glutamic acid, aspartic acid, histidine, and leucine are present in smaller amount in the cuticle and larger amount in the medulla than in the fibre.
The differences between the amino acid analyses of cuticle and the parent whole fibre have been discussed previously (Bradbury, Chapman, and King 1965a; Bradbury et al. 1966) as have differences between medulla and the parent fibre (Bradbury and O'Shea 1969) . These are confirmed by inspection of the grand mean of the fibre, cuticle, and medulla analyses in Tables 1 and 2 .
(c) Determination of Quantity of Medulla in Fibres
It has been possible to use the large differences in the content of citrulline in cortical cells and cuticle of Merino wool to obtain the percentage of cuticle present in the fibre (Bradbury and King 1967) . In medullated fibres the citrulline content of the medulla is about 20 times that of cuticle (Table 2 ) and therefore it should be possible to obtain the amount of medulla present by a similar simple calculation. The analytical results (mole %) for the citrulline+ornithine content of platypus whole fibre, cuticle, and medulla are 2· 30, O· 89, and 13·81 (Bradbury and O'Shea 1969) respectively. The amount present in cortical cells is negligibly small. The assumption is made that the fraction of cuticle in platypus fibres is the same as in wool (0 '10). Then the fraction of fibre which consists of medulla, x, is given by the simple equation 2·30 = 13·8x+(0·89xO·1O), from which x = 0·160. The contribution from the cuticle to the citrulline content of the whole fibre is only of secondary importance, since if it is ignored completely the fraction of medulla is only increased to 0 ·166. Similar calculations made with less complete analytical values for rabbit and red kangaroo indicate a medulla content of about 13 and 9% respectively. This technique, which involves accurate amino acid analyses of citrulline and ornithine (Bradbury and King 1967) for the parent fibre, medulla, and cuticle is likely to be much more reliable than the microscopic method (Elphick 1932; McMahon 1937) or methods which involve dissolution of the fibre (Ross 1955) .
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